The inhibitory influence of the toxin on the growth of Chlorella was completely reversible in the presence of l-methionine. A similar reversal has not yet been accomplished in tobacco. That the mechanism of action is similar in both organisms, however, is suggested by the fact that methionine sulfoximine, a known methionine antagonist, produced chlorotic lesions in tobacco leaves that were indistinguishable from those produced by the bacterial toxin.
The inhibitory influence of the toxin on the growth of Chlorella was completely reversible in the presence of l-methionine. A similar reversal has not yet been accomplished in tobacco. That the mechanism of action is similar in both organisms, however, is suggested by the fact that methionine sulfoximine, a known methionine antagonist, produced chlorotic lesions in tobacco leaves that were indistinguishable from those produced by the bacterial toxin.
The author is greatly indebted to Professor Vincent du Vigneaud, Department of Biochemistry, Cornell University Medical School, for the 1-cystathionine and dl-homocysteine, and to Dr. L. Reiner, Wallace and Tiernan Products, Inc., for the methionine sulfoximine used in these studies. Evidence is accumulating that there is a common metabolic precursor to many of the benzene ring derivatives found in living organisms1-4. Recent work by Davis' and Tatum4 indicates that one such precursor is the naturally occurring shikimic acid ( Fig. 1 ) since this compound serves as a growth factor for certain mutants of Escherichia coli3 and Neurospora4 which otherwise require a combination of tyrosine, phenylalanine, tryptophan and p-aminobenzoic acid for growth. These mutants cannot utilize the closely related, naturally occurring quinic acid ( Fig. 1) as a substitute for any of their requirements." 4 In an earlier investigation of quinic acid and shikimic acid, Fischer and Dangschat5' showed that quinic acid is chemically convertible to shikimic acid and that the latter is convertible to glucodesonic acid. They pointed to the possibility that these compounds are formed directly from glucose.
For these reasons the growth-promoting properties of quinic acid and shikimic acid were reinvestigated with a Neurospora mutant, C-86, which is capable of utilizing a variety of aromatic compounds for growth2'7. 8. Responses of Mutant Strains: The following compounds were tested for their ability to promote the growth of Neurospora, strain C-86: shikimic acid, quinic acid, dopa, protocatechuic acid, p-aminobenzoic acid and gentisic acid. Except for a very small response to gentisic acid, quinic acid is the only one of these which supports the growth of C-86. Table 2 compares this effect with the growth-promoting effect of tryptophan.
While the activity of quinic acid is about the same as that reported for tyrosine and trans-cinnamic acid at low levels,2 the inhibitory effect noted at higher concentration with trans-cinnamic acid is not observed with quinic acid.12
To eliminate the possibility that the growth response of C-86 to quinic acid is due to contamination with small amounts of other compounds which promote its growth (table 1), the same sample of quinic acid was filter sterilized and tested at 1-and 5-mg. levels against each of the other mutants listed in table 1. None grew at either concentration of quinic acid. Discussion.-These experiments demonstrate three main differences between the shikimic acid and quinic acid mutants of Neurospora.
(1) The mutant which utilizes shikimic acid cannot utilize quinic acid and vice versa.
(2) C-86 grows in the presence of any one of a number of compounds which presumably are related metabolically. The shikimic acid mutant requires four aromatic compounds for growth in the absence of shikimic acid.
(3) p-Aminobenzoic acid has no effect on C-86, while it is an absolute requirement for the shikimic acid mutant in the absence of shikimic acid.
The apparent lack of correlation between the results obtained with C-86 and the shikimic acid mutant can be explained by one of several schemes. However, the data presently available do not warrant extensive speculation about the presumed metabolic relationship between quinic acid and shikimic acid, between them and glucose or between them and the aromatic compounds they replace. The evidence would nevertheless seem to favor the view that at least several of the aromatic compounds found in Neurospora arise from a common non-aromatic, cyclical intermediate.
Summary.-Quinic acid promotes the growth of Neurospora, strain C-86, which otherwise requires for growth any one of several aromatic compounds. The closely related shikimic acid is completely without activity for this strain.
